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Edited by David LambethAbstract Recently, we reported that a combination of indole-3-
acetic acid (IAA) and horseradish peroxidase (HRP) induces
apoptosis in G361 human melanoma cells. However, the apopto-
tic mechanism involved has been poorly studied. It is known that
when IAA is oxidized by HRP, free radicals are produced, and
since oxidative stress can induce apoptosis, we investigated
whether reactive oxygen species (ROS) are involved in IAA/
HRP-induced apoptosis. Our results show that IAA/HRP-in-
duced free radical production is inhibited by catalase, but not
by superoxide dismutase or sodium formate. Furthermore, cata-
lase was found to prevent IAA/HRP-induced apoptotic cell
death, indicating that IAA/HRP-produced hydrogen peroxide
(H2O2) may be involved in the apoptotic process. Moreover,
the antiapoptotic eﬀect of catalase is potentiated by NADPH,
which is known to protect catalase. On further investigating
the IAA/HRP-mediated apoptotic pathway, we found that the
IAA/HRP reaction leads to caspase-3 activation and poly-
(ADP-ribose) polymerase (PARP) cleavage, which was also
blocked by catalase. Additionally, we found that IAA/HRP pro-
duces H2O2 and induces peroxiredoxin (Prx) sulfonylation. Con-
sequently, our results suggest that H2O2 plays a major role in
IAA/HRP-induced apoptosis.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Indole-3-acetic acid (IAA) is more commonly known as the
plant growth hormone auxin, which is biologically active inAbbreviations: AAPH, 2,2 0-azobis (2-amidinopropane) dihydrochlo-
ride; DCF, dichloroﬂuorescein; DCFH-DA, 2,7-dichloroﬂuorescin
diacetate; HRP, horseradish peroxidase; IAA, indole-3-acetic acid;
JNK, c-Jun N-terminal kinase; MAP, mitogen-activated protein;
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide;
PARP, poly(ADP-ribose) polymerase; Prx, peroxiredoxin; ROS, reac-
tive oxygen species; SOD, superoxide dismutase
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doi:10.1016/j.febslet.2006.01.073yeast and animal cells [1]. More speciﬁcally, it has been re-
ported that IAA in combination with horseradish peroxidase
(HRP) kills human cancer cells, and this has been suggested
as a new form of anticancer treatment [2,3]. Interestingly,
IAA alone has no cytotoxic eﬀect and only becomes active
after oxidative decarboxylation by HRP [4]. We recently re-
ported that the IAA/HRP combination induces apoptotic cell
death in G361 human melanoma cells, and proposed that IAA/
HRP-induced free radicals lead to apoptosis, because this
apoptosis by IAA/HRP is blocked by antioxidants [5].
Although the reaction between IAA and HRP proceeds via a
complex mechanism that remains to be elucidated [4], it has
been reported that IAA/HRP produces free radicals including
indolyl, skatolyl, peroxyl radicals, and reactive oxygen species
(ROS), such as, O2 and hydrogen peroxide (H2O2) [6–8]. Of
these, ROS are well known to cause structural changes in plas-
ma membranes via lipid peroxidation and to initiate cellular
damage and apoptosis [9,10]. However, in the case of IAA/
HRP, the identities of the free radicals involved and their
mechanistic roles are unknown.
H2O2 is known to induce apoptosis in a variety of cell types
by regulating intracellular signal transduction pathways
[11,12]. In particular, p38 mitogen-activated protein (MAP) ki-
nase and c-Jun N-terminal kinase (JNK) are stimulated by
extracellular stimuli like ultraviolet radiation and free radicals,
including H2O2 [13,14]. Other studies have shown that the p38
and JNK activations by H2O2 are responsible for inducing
apoptosis [11,15]. Furthermore, it has been reported that
H2O2 increases the expression of the apoptosis-related surface
molecule CD95 (Fas/APO-1) and that it induces apoptosis via
CD95-mediated pathways [16]. Moreover, it was recently
found that members of the peroxiredoxin (Prx) family of pro-
teins are sulfonylated with high sensitivity and speciﬁcity in a
H2O2-dependent manner [17,18].
Catalase is viewed as the major enzyme that degrades H2O2
to O2 and H2O. Based on our preliminary studies, we hypoth-
esized that H2O2 may be involved in IAA/HRP-induced apop-
tosis, and thus, we examined the protective eﬀect of catalase
against IAA/HRP-induced cell death. Moreover, because it
has been found that catalase binds NADPH, and that this pro-
tects catalase from inactivation, and hence increases its eﬃ-
ciency [19], we also investigated the eﬀects of catalase in the
presence of NADPH.
Apoptotic pathway activation is an attractive potential tar-
get for cancer therapy [20]. Apoptosis is caused by a familyblished by Elsevier B.V. All rights reserved.
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caspases. And, activated executive caspases, like caspase-3,
mediate the cleavages of protein substrates, such as, poly-
(ADP-ribose) polymerase (PARP), a DNA repair enzyme,
which result in the morphologic nuclear changes associated
with apoptosis [21].
In the present study, we investigated whether speciﬁc ROS
are responsible for IAA/HRP-induced apoptosis in G361
human melanoma cells. Experiments using various speciﬁc
ROS scavengers showed that catalase speciﬁcally blocks
IAA/HRP-induced apoptosis and IAA/HRP-mediated signal
transduction pathways. In addition, it was found that IAA/
HRP signiﬁcantly increases H2O2 generation. These results
suggest that H2O2 is a key mediator of the apoptotic process
induced by IAA/HRP.2. Materials and methods
2.1. Materials
Indole-3-acetic acid, horseradish peroxidase, catalase, superoxide
dismutase, sodium formate, 2,2 0-azobis (2-amidinopropane) dihydro-
chloride (AAPH), NADPH, H2O2 and 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) were obtained from Sigma
(St. Louis, MO), and 2,7-dichloroﬂuorescin diacetate (DCFH-DA)
was from Calbiochem (San Diego, CA). Antibodies recognizing phos-
pho-speciﬁc JNK1/2 (Thr183/Tyr185, G-7, sc-6254), total JNK2 (D-2,
sc-7345), total p38 (A-12, sc-7972), phospho-speciﬁc c-Jun (sc-822),
caspase-3 (sc-7272), p53 (sc-126), and actin (I-19) were purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA); antibodies for phos-
pho-speciﬁc p38 MAPK (Thr180/Tyr182, # 9211S) and phospho-spe-
ciﬁc p53 (Ser15, #9286S) were from Cell Signaling Technology, Inc.
(Beverly, MA, USA); Prx-SO3 antibody and Prx I, II, III, and IV anti-
bodies were from LabFrontiers (Seoul, Republic of Korea); and anti-
PARP antibody was from BD Pharmingen (San Diego, CA).
2.2. Cell cultures
The lightly pigmented human melanoma cell line, G361 (ATCC,
Rockville, MD), was grown in RPMI supplemented with 10% FBS
and 1% penicillin–streptomycin (10000 U/ml and 10000 lg/ml, respec-
tively) in 5% CO2 at 37 C.
2.3. MTT cell viability assay
G361 cells (4 · 104 cells/well) were seeded into 24-well plates. After
serum starvation for 24 h, they were incubated with test substances
for the indicated times at 37 C in 5% CO2. Then, 100 ll/well of
MTT solution (5 mg/ml) was added, and the plates were incubated
for another 4 h. Supernatants were removed and formazan crystals
were solubilized in 1 ml of dimethylsulfoxide. Optical densities were
determined at 540 nm using an ELISA reader (TECAN, Salzburg,
Austria).
2.4. Crystal violet assay
Cell viabilities were also conﬁrmed using a crystal violet assay [22].
Brieﬂy, after incubating cells with test substances for 24 h, culture med-
ium was removed and replaced with 0.1% crystal violet in 10% ethanol
for 5 min at room temperature. The cells were then rinsed four times
in distillated water, and adherent crystal violet was extracted with
95% ethanol. Absorbance was determined at 590 nm using an ELISA
reader.
2.5. Free radical determination
The formation of free radicals was determined using DCFH-DA,
which is oxidized by free radicals to dichloroﬂuorescein (DCF)
[23,24]. To activate DCFH-DA, 350 ll of a 1 mM stock solution of
DCFH-DA in ethanol was mixed with 1.75 ml of 0.01 N NaOH and
allowed to stand for 20 min before adding 17.9 ml of 25 mM sodium
phosphate buﬀer (pH 7.2). The reaction mixture contained 150 ll of
activated DCFH-DA solution, 20 ll of IAA, 10 ll of HRP, and20 ll of superoxide dismutase (SOD), sodium formate, or catalase.
Absorbance was measured at 490 nm using an ELISA reader. Changes
in absorbance were measured every 10 min.
2.6. Detection of DNA fragmentation
After serum starvation for 24 h, cells were treated with the test sub-
stances for 6 h. The cells were then harvested, and DNA samples were
isolated using a genomic DNA puriﬁcation kit, according to the
manufacturer’s recommendations (Promega, Madison, WI). Ten
micrograms of DNA derived from each treatment was separated by
1.9% agarose gel electrophoresis and visualized by ethidium bromide
staining.
2.7. Quantitative assay for hydrogen peroxide
H2O2 formation was determined using a hydrogen peroxide assay kit
(R&D systems, Minneapolis, MN) according to the manufacturer’s
recommendations. H2O2 concentrations were determined using a stan-
dard curve, and all experiments were run in triplicate.
2.8. Western blot analysis
G361 cells were grown in 60 mm culture dishes, starved of serum for
24 h, treated with the test substances for the time points indicated, and
then lysed in cell lysis buﬀer [62.5 mM Tris–HCl (pH 6.8), 2% SDS, 5%
b-mercaptoethanol, 2 mM phenylmethylsulfonyl ﬂuoride, protease
inhibitors (Roche, Mannheim, Germany), 1 mM Na3VO4, 50 mM
NaF, and 10 mM EDTA]. Ten micrograms of protein per lane was
separated by SDS–polyacrylamide gel electrophoresis and blotted onto
PVDF-membranes, which were then saturated with 5% dried milk in
Tris–buﬀered saline containing 0.4% Tween 20. Blots were incubated
with the appropriate primary antibodies at a dilution of 1:1000, and
then further incubated with horseradish peroxidase-conjugated sec-
ondary antibody. Bound antibodies were detected using an enhanced
chemiluminescence plus kit (Amersham International, Little Chalfont,
UK).
2.9. Statistics
Diﬀerences between results were assessed for signiﬁcance using the
Student’s t-test.3. Results
3.1. IAA/HRP increases the formation of free radicals, and this
is blocked by catalase
It has been reported that IAA/HRP induces several types of
free radicals including ROS [8,25]. To identify which ROS are
involved in IAA/HRP-induced response, we measured free
radical formation in the presence of various free radical scav-
engers. As shown in Fig. 1, IAA (500 lM)/HRP (1.2 lg/ml)
generated free radicals in a time-dependent manner. SOD (a
O2 scavenger) or sodium formate (a OH scavenger) failed
to block IAA/HRP-mediated free radical formation (Fig. 1A
and B, respectively). However, catalase, a speciﬁc H2O2 scav-
enger suppressed IAA/HRP-induced free radical production
in a dose-dependent manner (Fig. 1C). Since SOD converts
O2 to H2O2, we also measured free radical formation in the
presence of SOD and catalase, and obtained results similar
to those obtained for catalase alone (Fig. 1D). To determine
whether the eﬀect of catalase is speciﬁc for H2O2, we next
examined the eﬀect of a peroxyl radical generator, AAPH on
the formation of free radicals in the presence of catalase or
SOD. However, neither catalase nor SOD blocked free radical
formation by AAPH (30 mM) (Fig. 1E). Moreover, recently, it
was reported that NADPH protects catalase from oxidative
damage [19]. Thus, we further examined whether NADPH
has an additive eﬀect on catalase activity. As shown in
Fig. 1F, NADPH potentiated the H2O2 scavenging activity
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Fig. 1. Eﬀects of free radical scavengers on free radical production by IAA/HRP. The formation of free radicals was measured using DCFH-DA,
which is oxidized by free radicals to DCF, as described in Section 2. (A) 500 lM IAA and 1.2 lg/ml of HRP (I/H) were added to various
concentrations (100, 500, and 1000 U/ml) of SOD (S100, S500, and S1000, respectively); (B) to various concentrations (10, 50, and 100 mM) of
sodium formate (SF10, SF50, and SF100, respectively); (C) to various concentrations (100, 500, and 1000 U/ml) of catalase (C100, C500, and C1000,
respectively); and (D) to various concentrations of SOD and catalase. (E) 30 mM AAPH was added to 1000 U/ml SOD and/or 1000 U/ml catalase
(CAT). (F) I/H was added to 1000 U/ml catalase (CAT) and/or 10, 50 lM NADPH (N10, N50, respectively). Absorbance was determined at the
indicated time points. The data shown represent the means of triplicate wells. Each experiment was repeated at least twice, and representative results
are shown.
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ings indicate that IAA/HRP generates H2O2.
3.2. Catalase inhibits IAA/HRP-induced apoptosis
Recently, we reported that IAA/HRP induced the apoptosis
of G361 human melanoma cells [5]. Given the result that IAA/
HRP probably generates H2O2, we next examined whether cat-
alase could suppress the IAA/HRP-induced apoptosis of G361
human melanoma cells. Cell viability was measured using theMTT assay. As shown in Fig. 2A, IAA/HRP caused cell death
in a time-dependent manner. About 80% of cells died after
being treated with IAA (500 lM)/HRP (1.2 lg/ml) for 8 h.
However, catalase treatment (1000 U/ml) partially blocked this
IAA/HRP-induced cell death. Furthermore, the addition of
NADPH (10 lM) to catalase almost abrogated the apoptotic
eﬀect of IAA/HRP, indicating that H2O2 is deeply involved
in IAA/HRP-induced apoptosis. Moreover, in the absence of
catalase, NADPH alone had no eﬀect on cell viability
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Fig. 2. Eﬀects of catalase on IAA/HRP-induced G361 human melanoma cell apoptosis. (A) After serum starvation, cells were treated with IAA
(500 lM) and HRP (1.2 lg/ml) in the absence or in the presence of 1000 U/ml catalase (CAT) and/or 50 lMNADPH for the indicated times, and cell
viabilities were measured by MTT assay. (B) Cells were treated with IAA (500 lM) and HRP (1.2 lg/ml) with/without 1000 U/ml catalase and/or the
indicated concentrations of NADPH for 6 h and apoptosis was followed by MTT assay. (C) Cells were treated with IAA (500 lM) and HRP (1.2 lg/
ml) with/without 1000 U/ml catalase and/or 50 lMNADPH for 6 h and samples were then harvested for DNA fragmentation assay. Data represent
the means ± S.D. of triplicate assays expressed as percentages of the control. Each experiment was repeated at least twice, and representative results
are shown.
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assay and similar results were obtained (data not shown).
To further conﬁrm whether IAA/HRP induces apoptotic cell
death, cells were collected 6 h after IAA/HRP treatment, and
DNA was extracted for agarose gel electrophoresis. IAA/
HRP-treated samples showed typical apoptotic DNA ladder
formation (Fig. 2C). However, catalase-treated cells showed
none (Fig. 2C).
3.3. Catalase blocks the stress-regulated signaling pathways
activated by IAA/HRP
We have also reported that the IAA/HRP (500 lM/1.2 lg/
ml) combination causes the activations of JNK and p38
MAP kinase, and that this leads to apoptotic cell death in
G361 cells [5]. Thus here, we investigated whether catalase
could inhibit IAA/HRP-induced JNK and p38 activation, toinvestigate the eﬀect of catalase upon the apoptosis-inducing
eﬀect of IAA/HRP. As shown in Fig. 3, catalase partially
inhibited IAA/HRP-stimulated p38 phosphorylation and sup-
pressed the c-Jun phosphorylation resulting from JNK activa-
tion. Furthermore, the addition of NADPH (10 lM) to
catalase almost abrogated IAA/HRP-induced JNK and p38
activations. Based on these results, we suggest that H2O2 plays
an important role in the IAA/HRP-induced activations of
JNK and p38 MAP kinases, and that catalase inhibits these
pathways by scavenging H2O2.
3.4. Catalase inhibits the apoptotic pathway activated by IAA/
HRP
Next, we investigated whether IAA/HRP could induce the
activation of the apoptotic signaling pathway, and whether
catalase could inhibit this process. As shown in Fig. 4, we
Fig. 4. The IAA/HRP-activated apoptotic pathway is blocked by
catalase. After serum starvation, G361 cells were treated for 6 h with
IAA (500 lM) and HRP (1.2 lg/ml) with/without catalase (1000 U/ml)
and/or NADPH (50 lM). Cell lysates were then subjected to Western
blot analysis with the indicated antibodies. Equal protein loadings
were conﬁrmed by reaction with actin antibody.
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Fig. 3. Eﬀects of catalase on IAA/HRP-induced JNK and p38
activations. After serum starvation, G361 cells were stimulated for
4 h with IAA (500 lM) and HRP (1.2 lg/ml) with/without catalase
(1000 U/ml) and/or NADPH (50 lM). Cell lysates were then subjected
to Western blot analysis with antibodies against phospho-speciﬁc
JNK, p38 MAP kinase, or c-Jun. Equal protein loadings were
conﬁrmed by reaction with phosphorylation-independent JNK2, p38
MAP kinase, or actin antibodies, respectively.
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active eﬀector caspase of PARP. Caspases become active when
they are cleaved into processed fragments. Here, we used an
antibody directed against a precursor form of caspase-3. Pro-
caspase-3 levels were found to be considerably reduced after
treating with IAA/HRP (500 lM/1.2 lg/ml) for 6 h, indicating
that procaspase-3 had been cleaved into active caspase-3.
However, catalase/NADPH treatment inhibited this cleavage
of procaspase-3. As caspase-3 is believed to be the most eﬃ-
cient PARP-cleaving caspase, we examined the proteolytic
cleavage of PARP following IAA/HRP treatment. Accord-
ingly, we found that 116-kDa full-length PARP was convertedto its apoptotic 85-kDa fragment (Fig. 4). However, in accord
with caspase-3 data, the 116-kDa form of PARP was not
cleaved when catalase/NADPH was added.
The tumor suppressor gene p53 is known to be intimately in-
volved in apoptosis, and a recent report indicated that H2O2
treatment leads to p53 phosphorylation at serine 15 [26]. Our
results show that IAA/HRP phosphorylated p53, and that this
was inhibited by catalase/NADPH (Fig. 4). Thus, these ﬁnd-
ings strongly suggest that the apoptotic pathway is activated
by H2O2 produced by IAA/HRP.
3.5. IAA oxidation by HRP produces H2O2 and induces
peroxiredoxin sulfonylation
Prx is sulfonylated with high sensitivity and speciﬁcity when
cells are exposed to H2O2 [17,18]. To conﬁrm H2O2 production
by IAA/HRP, we treated cells with IAA/HRP for various
times and monitored the aﬀects of these treatments using sulf-
onylation speciﬁc antibody to Prx enzyme. As shown in
Fig. 5A, treatment of G361 cells with IAA/HRP increased sulf-
onylated Prx level in a time-dependent manner, indicating that
IAA/HRP produced H2O2. However, total Prx I, Prx II, Prx
III, and Prx IV levels were unchanged, and these ﬁndings sug-
gest that the increased sulfonylated Prx did not result from
augmented Prx protein synthesis. As a positive control, Prx
sulfonylation was monitored in cells exposed to 2 mM H2O2
for 10 or 30 min. In addition, we then examined whether cat-
alase aﬀects the level of sulfonylated Prx after IAA/HRP treat-
ment, and found that catalase or catalase/NADPH eﬀectively
inhibited Prx sulfonylation (Fig. 5B), which supports the
hypothesis that IAA/HRP produces H2O2. Finally, we ob-
served that treating G361 cells with 1 mM of IAA and
1.2 lg/ml of HRP produced about 500 ng/ml H2O2, whereas
treatment with IAA or HRP alone generated barely detectable
quantities (Fig. 5C).4. Discussion
The potential for the use of IAA/HRP in cancer therapy is
attracting increasing interest [2,4]. A major goal of cancer ther-
apy concerns the selective targeting of tumor cells by anti-can-
cer agents. IAA is non-toxic at high doses and well tolerated by
humans, and HRP is a stable enzyme which can target to tu-
mor cells. Thus, several suggestions for the targeting of HRP
have been made, involving the utilization of antibodies, poly-
mers, or gene transfection techniques [4,27], and these reports
suggest that IAA/HRP can be used as a new prodrug/enzyme
combination for targeted cancer therapy [2]. Recently, we re-
ported that IAA/HRP treatment induces the apoptosis of
G361 human melanoma cells, which suggests possible thera-
peutic uses for the IAA/HRP combination for the treatment
of human melanoma. However, the mechanism of IAA/
HRP-mediated apoptosis is substantially unknown. Therefore,
we attempted to identify molecular mediators of the eﬀect of
IAA/HRP treatment, and to determine how they lead to apop-
tosis in an attempt to elucidate the nature of the apoptotic
pathways involved.
The oxidation of IAA by HRP is known to produce a variety
of free radicals including indolyl, skatolyl, peroxyl radicals,
and ROS [6–8]. Moreover, peroxyl radicals produced by
IAA/HRP can induce lipid peroxidation [6], and it was sug-
gested that peroxyl radicals may be cytotoxic to tumor cells
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probably not a major factor in IAA/HRP-induced cytotoxicity
[4]. In the present study, a hydrophilic radical initiator AAPH
was used to produce peroxyl radicals. Our results show that
IAA/HRP-generated radical levels are markedly decreased in
the presence of catalase, whereas AAPH-induced peroxyl rad-
icals are not (Fig. 1C and E). Furthermore, we found that
IAA/HRP or H2O2 did not induce measurable levels of lipid
peroxidation as compared with AAPH (data not shown).
Thus, we excluded the possibility that peroxyl radicals are
major mediators of IAA/HRP-induced apoptosis.
Several lines of evidence indicate that ROS initiate cellular
damage and apoptosis [9,10]. To identify the ROS involved
in IAA/HRP-induced reactions, we measured free radical lev-
els in the presence of catalase (a H2O2 scavenger), SOD (a
O2 scavenger), or sodium formate, (a OH radical scavenger).
As shown in Fig. 1, only catalase reduced IAA/HRP-generated
radical levels. Moreover, this eﬀect of catalase was potentiated
in the presence of NADPH, which is known to protect catalasefrom inactivation, and hence we suspected that H2O2 is a po-
tential mediator of IAA/HRP treatment. It has been suggested
that NADPH can remove H2O2 via glutathione reductase and
glutathione peroxidase [29], but in the present study, NADPH
alone neither blocked IAA/HRP-mediated H2O2 production
(Fig. 1F) nor prevented IAA/HRP-induced apoptosis
(Fig. 2B). Other studies indicate that NADPH eﬀectively pro-
tects catalase at physiological concentrations [30,31]. A well-
designed enzymologic study, also demonstrated that NADPH
may protect catalase from oxidative damage by reducing the
internal groups of catalase [19]. Although H2O2 is not a free
radical, it plays a signiﬁcant role in intracellular signaling cas-
cades, because it can penetrate biological cell membranes.
After being produced, H2O2 is removed by antioxidant en-
zymes, like catalase or Prx [32]. Moreover, it has been reported
that H2O2 can sulfonylate members of the Prx family of pro-
teins with high speciﬁcity [17,18]. In the present study, we
found that IAA/HRP can sulfonylate Prx, and that catalase
inhibits this reaction (Fig. 5B). Recently, it was reported that
D.-S. Kim et al. / FEBS Letters 580 (2006) 1439–1446 1445H2O2 causes the phosphorylation of p53 at serine 15, and not
at serine 9, 20, or 392 [26]. Our data also shows that IAA/HRP
phosphorylates p53 at serine 15, and that this is blocked by
catalase.
JNK and p38 MAP kinases are important mediators of
stress-inducing signals that ultimately lead to apoptosis
[13,33,34], and oxidative stress may be responsible for the acti-
vations of JNK and p38 that precede apoptosis [35–37]. Our
results demonstrate that IAA/HRP induces the activations of
JNK and p38, and that these are inactivated by catalase/
NADPH treatment. Moreover, the caspase pathway plays a
key role in apoptotic cell death [38,39], and the activation of
caspase-3 mediates the cleavage of protein substrates, such as
PARP and the nuclear lamins [21]. In the present study, we
found that IAA/HRP induces both caspase-3 activation and
PARP cleavage, both of which were blocked by catalase/
NADPH treatment. Thus, these results indicate that H2O2 is
intimately involved in the IAA/HRP-induced activations of
JNK and p38, and in caspase-3 activation and PARP cleavage.
In summary, this study shows that treatment with IAA and
HRP induces human melanoma cell apoptosis, and that H2O2
is a major mediator of IAA/HRP-induced apoptotic cell death.
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